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ABSTRACT : 



PROBLEM TO BE SOLVED: To provide a plasma treatment apparatus that may 
prevent electric field concentration, arc, destruction of the protective layer, 
thermal destruction, and irregular discharge, and improve the durability of the 
protective layer. 

SOLUTION: A pair of electrodes 2 and 3 is arranged in a chamber 1. A plasma 
generation gas is introduced into the chamber 1. Supplied between the 
electrodes 2 and 3 is an electric field of alternate or pulse current to 
generate a dielectric barrier discharge under about an atmospheric pressure. 
The dielectric barrier discharge generates plasma from the plasma generation 
gas to treat an object with the plasma. The surface of the electrodes 2 and 3 
is coated with a protective layer of a glass material formed by heat fusion, 
whose pin hole is extremely small to protecc* the electrodes 2 and 3. 
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[0046] Z<?)£ l£mZtlt>TyX?9S&mi: 

mx. ttsmnEXTv. mmmtmmtf 

7X-?mt&£t>t:r>Xli. fcoJrdfcLTfB. t 
1\ Blfc^Widfc. I^50±tt8«iJith4*» 

«^3 0£atT*+:"<-irt^7Xv4j£ 
JHtfxfcfiaWSfcgfc. Jtfc*&tgffi2. 3**!fc>» 
«^34fc3^*fc»i>t/l'XR4>S#£«S4 3fcJ: 
10 OBarrt. COCfcT, »fc**««2. 3<0HO& 
«aa34t3!®(rPifei<™32^tT«SW 

mfrwrmti: wx^^max^rvx 
itz&th. zm. m<wmt<tmgtbzb£ 
x-ox. w&mitTyXvtmtm-z t#v$ 

#are3 1 mix<f-*yrt-iMm\itetiz. 

[0047] *j»!H^)7-7Xv»att. *S(EBSffcDE 
*T(tf*Kli. 93. 3~106. 7kPa (70 
20 0~800Torr) )Tff3(0t JHEfltf>Sg#:8® 

*&t&temsv^b%i*8&rv77xvm 

[0048] 75Xv£jaUH;yxfcLT*gtt#X (* 

ioct-c. «as»4^B«Fifer* 

rfV. 7>)7h>*:b'£8mt&ZbiKZ& 
mnm££'>X&&£&StthZ}iiS c T£h. «i 

ffd«6tt. RSL SfU COt % NiO*ir<«Hfc1b{f 
X*fflV^<0*tff4U^. 4fc. RB^XtLTCF* 

•c»*. RjB^x^saiawo. isa%*src*ft 
*f i om&xmt&b. ttim^i^ 
[0049] ifc. «fc^6igfii2. 3<^fa<ois^a 

3.4fcS!to.^i3®®!^Stt»li 1XH z-2A.O 



— SIS.— - -. -=3. 
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kHz*8ST2Mtff. ^«BBfiff<0EE*TCiS^H3 JfiLTt. 112. 3<rj2ig±&t:*')Wt&ZtifC 

t. jk®aa34Tor7Xv^asjb#*^FL<'Sr r&sfco-ca*. a*. iEff2. smtmztit 

*). m&2. 3<&mm<z&&itf$>>). L*t. 012393 4ff)mmf^cmtm<zbifx^. 

Tyxvm^tm£K8.v*mfct&&wf> 1 . mcwmw) rmiZAixxh y -^-m^ 

[00 50) tii.. *B^34fcBJtoaft.&8ttafc& ft«-WiTttt5®»40XhU--7-ttlt:J:ifi«* 

»i20~3 500W/cm3 % »*L<»il00~50 X*)P%<-ftZ.b1fiX$hi><r>X'bt. ft* fc*Bi£ 

0W/cm»fca^4<ttflff*LKtt«2ia34fc 10 SVCfc->Tt>J:V*. S«2. SOo^-ffO** 

8ttD5*iS8iailS** { 20W/cm9*8re3!>*Uf. 7* J#Pt*«fc3eLTfcJ:V^ «fi2. 3<&Pi:«r*J&» 

St%SIS34(3%&D$n&q)W]« ( 3 5 0 0W/ciii »«Oltt2. 3£fflV>fci§S\ -S^mfi2ft*VMi 

gfl#*6. 8W)0«IS (W/cm') li. 2. 3$:)&»r4***±a<^»ia»f*S<*9ffiL 

(Wtom*/»mssK*«) Testis. n. 

[0051]±E<OJ:3t:ttr7XvJPIJfTPfcft [0054] 

ra (»sft/«yr««B&£i/cv^nat>*tf) «±, *. 

S83 3fcfctt*S313-frS <«SS**) ikfcio 2D [00 55] ($tt0U ) H2t*f«ffi2. 3£JBlr* 

T«S2. 3*J&S^*. Sgfcl/Ctt. ^i'Xgl* THl<0J:-j*T?Xv®i8attRSU:. ftVK 

micfcffiHtt-SCfctfrS*. -f^^S****** -lfcLTIi520mmX35 2mmX200mmW* 

«r<. Iff 2, 3jWaBfC8ft3*lfc<<**fc«>T& *OB*a*l*fc«>T*->T, 632mmxS3 1 6m 

*. 2ft. ^fc LTttOtrCTOHfc&tfU fi^lSl mxg?4 00mm, Ml. 5mm<OSUS304<0 

ttffiU. Wttt. mSH&mmiO. lmm^RI? mZtlHOThiX. *14mmXgS400m 

wxm&tiitin&m^&m&ii. rsmstfrna fflvxt. v^oss2. 3*>386fc 

$il*«S2. 3*fc<0SlfcHut*-*fc*>-C**. £ 30 aB32*£jtifcHoT»«Lfc. «HJI3 2l±. S/U 

?£tts**rf s«8fc trot. n-7*5fo*- *kr^5-*-<o*asH»**geRk u zti&mw 

ifc. tfelcfcxf-l/^y 3-^5-6 OfiSX T«S2. 3<038Bfcn50g&*U *<3SL »85 

matt:mm?g>r>xm\ otrri o^HSBn2B8faLT*&wt (sa«L) 

ioo52j±la<oida«*^»«kLxJ8^*«& ^rv-^ctiffiSkMSftttktjatr 

tt. *r-/Wr5- (B*SSJ3fOI8&S) £JBV>*.r 3B^«»)3iLTffiiaffi») S*0. 5mmg«fc: 

tifiTZZ. X*-A*y-t3&mtm54>1tlfT *^it£tffi&m3 2tJffi.Lt:. *LT. HB^ 

• BfrSfclr • W§*J8vv«l«H* tg*2 kZHW«fli3 £2v^c±Tfc*l!»JSiiTH£# 

Km&Vbh. x^-A^f 7-(i®8 ■ f)X J*U £<0»£=&'*^2. 3fc?-*VA-lrtfcfiS 

<fteS*iikfcJ:->TX^-*fl:^|»jft6tO-C LttSmafcLfc. 

**#...?PA-***mamttzbzx o. «S2. lo.asfti ^gw^4.t uxw,. ^^Bu^h&i 

<?)m&&&BifBm&ktlZbm±-thZb#T Xrxk UTtt^y^fc l U v hfr/m i n. TA'rfy 

X*-Wmmx&<Wi2^ 3<nmm±b *3 'J v Wk/m i n. |»l*6 0c c/m i nff&fe 

xr-M&&Z{>%%t:mi>t>0>X'$>l . TS^tT-ft 1 fcfitt&Lfc. ifc. «ffi2 . 3 

[00 5 3] -eLT. H3 (a) (b) fcfcBreScfJ: t)«W-4Jfe«k L"CI±-f *f38ft**fflnfc. 

77Xv4^4>tSB 3 3 fc t i 10057] *LT. ©S2$:gE8ffi. ©§3fc83fe 

oT. «ffi2. 3^mt4t<0T»9. COCk-C.. ..SftkU 3. 3BI?5»©aa34.fc. 
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v*yvfsm#wvztix»h. tt:. ++y*-i 

mms4 tttm&Maw wit i^xh^x. 
mmr- y h&tf*fr£>*i8sw-s*-* 

[0 064] m2ttA»ffiircmiHcffi£8ii& t*> 
TAoT, d3 2mmXS5l6mmxS591 lm 
m, RBI. 5mm<0SUS304Ofr't>fniES«£ 
fflv*. ^fi20ftSlift*m&tl. 5mm<DRfflt 

£t>tf>T*->T\ *14mmx£$91 lmmOSUS 
3 04<OBtt><47m«£J8V*fc. Wtffu0«*2. 3 

(H4fc*rt,«) x-bh. at. ma 

2 . 3<rmm$?x t-X ( J i Sffl3tiiS6 o#> 
SE32££SifcM-5T»£U:. «ai3 2tii/'J* 

LT^j^tut^xatffl fcxrwtfyr 

mS2, 3«?®W*3 0 0~5 0 0gffiftU -f^ 

a. m 5 oxrci omMamixm m <mt 

t*SSfc3EW«o«9£LTmi33g>)U E*0. 5 
mmSefc^-fcttJLH%fi!aS32^}glfiLfc. 
«a»32<0HmB120kVT*ofc. £fc. mm 

32tm.it:®. s«2. 3<orta^sK33tea 

»« (H*^fc? (*) RWi^xat^A^ 1 ) i 
MXl/Cl 20m&£ttZb£i;iX* m«2. 3 
«8»3 3*o^fcm?*ifcfl«telfe£LT08fc 

5=Stfia»s£ffi 1 6 tmiit. 
[0065] *bT. -wmt2t-w*m3ifK 
\*±-r&mtbioiz. mm (=&) m&2t 

■riikfcio-c. tti*rtmsi2. 3*+*yx-i 

2. 30S<Wf-Vrr®IH13mmkU 

2RVW.(e<yf-){jtAQmnhl^. 

Tttffcfcfr* J: * Is****- 1 «0rtffi4>fflHfcS^ 

[0 066]S«B«J4i:LT«. 750mraX600 
mmXB*0. 7mm«LCDffl^5^Sfi (t&««^ 
(») RON o . 17 37) JrfflVvt. 75XY£j£ffl 
HXt lXU+>» -?A*8 »J ^Hk/m ia, jfegfr 1.. 



3 4 ) £m\lftWmto4 fc±£<0T7Xv*»2 0 

Mf7>)--y?im) Jrfrofc. *<ot63L ©ot*j 

Lfcfrofc. ifc. »6rfl8BBSWstTt,, tm 10 

«3 2«>«aaiifi*>ii={b6»ofc. 

[0058] (gftR 2 ) 7*S*MiaMn93'9A 
«-Xhtx?'J-y8HL CiltfttifttL?*:' 

row* mi'StM%&mthzt££r>x. 
msms4tm.it:. r^x^^m^xtixn^ 

•J 1 y -y h^/m i n . Titty* 3Vv YW 
min. 3 0c c/m i ntffcteTfi^l/tf-* 

yx-itzmit:. z.tit>mumMitm£i 
xryx^fmmtm.it:. 

[0059] -fUT. «B2$:Bffi1gft. ««3£*8fc 20 
«ikU *affTCSffi2. 3i0tSk0JS^aa34t: 

aanrato&^sowc. iookHzo3as?i#(SH 

8SS#) SrWtoLTX^XvS-^J*. SSd5<0& 
■eT¥*-r7T3 (SCCTI34) fcWALfe«»©!l4 
fcJ^^X7X-7«rtt5tMSI«ftLT*SCEFrr5X 

[0060] #yf <y?** FSfcox p s^»f<r«g 
t:«i«>e-^ii&ii«t:s!ftfctj o . *yr4 yy 30 

fc. ±fc. ttSe»(>$£L-C2$0. ^EttS. 83ft 
3. flO^32«>iBg$0%4iL&*ofc. »6 

tm^ssmix{>.mm32<nmm.t>n^ 

[0061] (JtKMl)¥30. 5mm<0r^5+O 

wmmtmm 32 1 itjm&am 1 1 sac 
^Qaswsti^ »2>-flegas«Lfeg8!rc» 

ai32<D-fiW«KaLfc. sD 
[0062] (Jtt2H2)JP30. 5mm£>7 > A'$*0> 

. j*s»iSH*»asr?» 2 fc itzsm39am2 tmta 

IK. tf^-A^^iJCSEUfet^trfl*^ 

[0063] (SQtM3)H10 (a)fcw^«tt2. 
3£WWCB10 (b) (OXolti'+hA'ttXWm 
*4 t«2SLTX5Xv»a$rtf 0 r^xvssjaxa^ 
JBKLfc. f-+WN'-ifcLTttfi£800mmX|g8 

. . .6 OmmXgS 1. 1 6mmlHX<9$.U v §.304Se>ii. . 

::WHMLfcv;^W<-l 
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ufc. ««2. 3t#mi>rmbi,x&M& fc<u?3r<, *mr ±3- oefflrtrawfc. * 

fflW -f7-(CKD(tl)»OHYW1047)ICj: fc. flfcifctSfcl/OiO. SSttS. ft 

2 0*C*ca^SLft. ^32Ott&509&£L&4>-?fc. ifc. 86 r Jig 

[0067] -et-c. m2t%mm. mt3iw& smsmixt. e®JB32<o«fiuji£*i.fr*»-> 

H34fceaiD©J36 f 1600WC % lOOkHzOSS 2. 3<^SM33ff)8^.t>mmzX>)99miZt 

ZitXWR^34IZT7Xv£$tt&tmZWm [0071] (Httfi«4)Hl2 (a)C*-ft^i2 % 

^*74mm/sec<D!»ffiagK1BaLTljS^Iia 3£fflWtBl 2 (b ) OittftAV^A V}y8X!®& 
34T«4^6T7X-7t:T*§vffl r -Cr7XvSPI 10 ^4«^LTT5XvJ^£IH77XvBl|I3g3 

ft. IS4 3fc tTJilWHa (») SOS PG 1 0 0 86 OmmXSS 1 1 6mm*H X<0SUS 3 0 AW) 

- 1 0 0 0 JrJH^fc. iofcttffl Lfc. W<- 1 <0t^«iO »J >?*&) 

[0068] *^11Mtt<JWj:3WBiS3ft.TT5X *y*2'?jMMiVHfcll'C»*. firW<-l 

•7>aasws. *-*\ hi lfc^-idtc, oHiartsHsso, 5 i<o?*-#*>H£5oa4A 

i<^BapU2o<OB9«(ca»«:^i'h3^r=srif<o ^)^vmw^3eifmixmhtLX^htmz 

3^<.ri8fcs«&aft4^iw-c»jsa»2o«fiu <&fr<oHM5 1 k^sap 3 6 1 wrt&* y -7 Hfco 

ttxism-h. aac. »sa«j4*«»aps2 ocos »ap37*fS3iLTSit^T^4. ta.. -n<m 

&&&*t:t>wkcm20i±jm2itxwm6i &5ommimxmgm5 2imv(>ixx^it 
la&u aBSP6*»*>^^<-i(*3t:»j5s»4£a 20 fttne^-oas 5 1 oflflwiffittifitsias 5 3 

St. »sp»205rfTss$*-c»asp6traiu at. ftwi36a^j»ajP37*at-cf-+yK-i4» 

Miixwxmi4imsma-y 1 7 <o±kk^ ap 3 6»w»ajp 3 7 m txr* 1 cssa* 

*U 1 7<D0K8S!lfcJ: 0»S2^3 4fc fc'<^SUim-r40*»Blt4fc«>fcf«n5ilTV^ 

[0069] *LT\ ^W<-irtfc«A5*lfc«» [0072] ifc. t8AH*£ft£5 20j*854fc:<i» 

mi4imma-5i7xmu6k&ma&i*^ AP36fcmt4xy*M&oAP55**sat/ca 

T8^sn^<5>ft©aa3 4 s-ssLxaseewcr^ if^tix^tt^ttthm^ms 3wm.5 e ti±» 

X^SmZtiZ. *&V4*. «Sfflo-517«HCffi 30 !UP 3 7 fc U ? MfcOtfJP 5 8#JtSS LXWt 

m#±ixwtom4QW&i'mtiztz.x>). r?6tix»*. «A«£»£5 2cort354<o 

J^<0«Sfc*»tttSSI»4*ttSaai34rtfc»iI:$* ^fctt25«ffi^±T^5*l*'f>'54>*<0AP 

T«WS*4CT5XvJ81I*iW-J:o(rr4. iOjt W59^7*ftTV>*fc*ttBaiB8«S53<^ 

dfcLTtB8BM«C75X^«S£JiLfcft. 5 6<0>HUcl^B»r±TB»?*ii'f ^4 >* 

n-5 1 7fcRP^H»)fcHlsffii$*iikfcJ:oT «aSPB 6 0*«§&tWiTV**. 11*1 

wmn4 iwsmem&a^xws&th. w&m Rxm^amms 2 tmm&ms 3c«. mi 

4*«ap6tar^<t. aKPS20ijjsffi»$«- 3tmim&ffla-yi7imvt>tix^h. 

■c** 1 offisp 6 tiaacu 7 5xv»a?*i [ 0 0 7 3 ] m*2 . 3iiftjEwnirmKK:ja£3*ii 

fc»»S&4«BSJBa-5-l 7O0«B«tf 3> t<0T&oT. S3 2 mmXg* 1 6mmX#|3 911 
<T18t:J:0^^-l*»«iajf6. •*> mm.|llil. 5mm«>SUS3O40>ft><>f:rtf^ffi 

SP»20^HB»S«X«2U36SWSU "f+frt fcfflUfc. Sft2. 3<Dft&iii8i*¥&#l . 5mm<0 

Z<r>£o£LXWtmi4tZ.77X RSfc»«$f»XV>& . ©«2. 3<±— 3«®iS«l. 

v^slrr^ki^-eo. w. *w«aW4x?iBSLij» 0^AifAPl(.t@«:nS^t> t<^aSP±^ 

20fc2Wv^!iktt57-E«a-bi^- i^y^x^ f®mmzxmLt:i>(0 (H5t*ffe<0) Tft*. 

»0CX-281R)CT«atfc. Z.<nWSt2. 3<0»^S1 ISfllBiU'CAifc. H18 

[0070] -tUT. r5X-7j8a^ttt1i<0*»I<0 t^J:afc5a>W(SS«tTVvSn6>-ofc. 4fc. tgs 

wammtza^xii*nm»fiim4 5* r*->fc 2. 3ossw^asw3 tm<079x bmiff-> 

if. 7yX^^*nit:&m$m9l4iZtS^XM 338013 fcHttO««OftlSUa3 25:^E(cMo 
„&mitigjfT fciofc. 4fc. 7'5Xv«lfcttU___3PMU.i > 4&JKB®3.3^»aL6Ss.l®l2.w . 
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as/+xae?*2 1 ) *»alt 1 8 otimstz ma-? 1 7<f)msmi»±txmmi4<fym 

ZttZX-yX, W. 3<0j383 3ffl<03EffiaBl£? 5r+ffiT6^i:CJ:9. WS08*l5R:'»rtt»l»4 fctt 

ft>illft^^t-CB9t*tJ:3*S«#*ilil6* «^34rtfc8jk*lTCt^fc4fcT5X7«I* 

JBftU:. HBSfeiffll 6ttMtlfctk '41ft tttiofc-rs. £OJ:3fcLT8®ift4C:r?X? 

2. 30^0^3 3fc?o>-M&Ji8E*»ALT jSJS^ttLfcft. SBSfflo-51 7*IHCffiaS«i 

1 204H3MjtS*-*.rfcfcJ:vt*o.><-MSg*fi : tC«kr>-CtSa!iaSj4ilfiaja3 7ak:jatt>oTJKS-t 

^.If2. 3<08a53 3fl<^SfcS9fc*rrj:d^ 6. tS»!UStt!4*«asa37*afCf-Y^-l*^ 

Bft!l2*)Bj£U:. JSaiH8^Ilg5 3»=i»ai$*T.TajP58fciS^<t, as 

[00 74 J *LT. HS^m2fcHB<omS3A^ PS?60*Jt®^$-£-caiP5 8£BlttU X^X"? 

>»fc±T«ftfirt-6J:3t:. mSA(=m)mXk2t 10 ^$*ifcl»!Hft4*aKI«n-7-17<0BIM 

HSffl OB) 0>W&3 1 W^THg AVW& >*76 6 fcJ: yA- 1 frfcSKifrt 

-r*dfcCJ:-3T. m*t%Sk2. 3iftW<-l 6. CKOft, 0£TIB&3€"C!BP58*&!8 

flCiSttfc. .roS. tffcfr* (±T»c«|6rt-6> U 1 CioJofcl/CifcffiJI 

2. 3<0fSKWf-vy7S«IUi3mmi: U P$& fc4fcT5X7«8*IW.:fc**r&*. 8. t&BStl 

•*-*««2. 2 (Iff 3, 3) BOSK (e-r*) |±4 4*«Sn520fciS^V>feii:ttS7-RSIl!-fe>^ 

OmmfcLfc. fl, «ffi2. 3tif-*-WC-l<0J:Trt (•*J'?.Xti«<0CX-281R) fcTfcttU:. 

m*bBx*i±Tmb%sxi£.i-+>x-ie)m I0079) -ttT. Tvx-vimittor&imsmcr) 

[0075] ta&SBHfcl/ttL 3S»W3fcP180L X5X7*ra£ifct*ft0>tt»^4fcfcVVCtt* 

li^'J -7A«:8 U * h^/in i n<08teT**W<-l fc»^<OTK^»t4*«««^W^-y*tta 

Wftl&Lfc. «S2. 3t^W-6J&«f: LTtt fc/,l?5r< . ¥^5* ±4* OKfflrtT&ofc. * 

4*>-;a»**JSv\ (CKD (*) ROHYW tt€ittfc33£LT*J9. ;*tfSfc$L JtSKSg. « 

1047) fcJ: 9^*2 OTXSSlSUi. aa32<08a^*g64L^*»ofc. »6yflg 

[0076] *tr. «S2*sEttL tS3*si& BE^asLTt., »as3 2co«afl(ms«amwi 

H34fcS«III^J* I 1600WT. lOOkHzOXS ®S2. 3«S»330fi«tt>iea 

Z*tZ&%^34£T7Xv*&£ti>t&£Wm [0080] (£80*3 )««2. 3jy*<0ffijSte33fc 

%4t2 0 0mm/sec<Olffiaa^»i£LTftm2 % W4fcPl«fcl/CX5X7Sraag££jBSU &&H4 

B34Tfc£**X5XvfcT*«ffFer5Xv«!I fcPWfcLT8*^4fcX5X-?»i*frofc. m» 

( mn&mmw? u --y /as ) 2, 3ttft»ws-c©«t:»«s*i4fc<oT*->T» n 

«fi4 3kLTttt*«Sa(lt)»<OSPG10 0 32mmxa?16mmxfi5911mm. 5 

-1000£J8V>fc. mmOSUS304*>a>t«fT#«»&JflV*fc. «S2 

[00 77]ttft^4tt*aJ:3<3ft&3*iX7?x £OftgS±a^Wl . 5mm<0RS(cm$ft.TV% 

vjgsstifc. a-r. a 1 3t*rj: 9 **yA- 4. ms2 . 3^o<oKs»34=Rw©i8»ri o* 

A3y<T6 5fcttJB^4£»«APB5 9<D»>} LfcfcO(®E2» 3«>®*aiH6tCii^i<OfcP?t) 

fciTffi£1-S. ifcfc. 8»»lrt* s APS?5 9<0gw XT**. «ffi2. 3<03©fcli-eoJ832 0rom 

fci&^V^feAPB59tJJ®S5«TAP5 5*B». 49 J3y^^£SIM^3kHa^7'7Xh5KI*fir)fc 

U AP55fr*ttA«8»g52fte«RAP36£» ft. SQ^3kPW^80tsa^3 2^HfcM-5T 

W** v»H *t=*B8Jl»4 fc*A*-*. tt&Jifc S8£U^ JSS2, 3f«*!Sa8S»3 3 WISSJ*. 

«rTB»**TAP55£RSU yA- 1 flfcfc [0081 ] £<DX5X-7SS£flHvcX5X?J&lS£ 

»** . tit. 1 rtfc»ASW!:IB8®*4 fB t . jPgtra^«tiT5XTS8)l<Ottm^ltt0| 

1 7<0±«Hte*U «Sfflo-5 17 3 fc*g*V># % »3af^fiB^SPILTr5XvJ6 

(OI3lse@»(cJ:0tt«S3a34(zSIA$h.&. S^5k. 1&S2. 3<»$&$1 1 (J&fttt^gS! 

[0078] -f-LT. -HrW<-lrtCSIA3*iX:t«a WV3&lt:im&&e>l,SBm£X6mm3 2im 

mn4 immo-y 1 7r»ijp 3 7 .. jaufc.. c«o«ani0fic*j^t:m«2^ 3iBMK«... 
sti^^aswfcr^x^jKisfi*. fe&t^^gaBegtEfc-taai^^ Hr^^ggfefiga^^gi^i- 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Dielectric barrier discharge is generated under the pressure near the atmospheric pressure 
between electrodes by impressing the electric field of the shape of an alternating current or a pulse 
between the electrodes which make a pair while preparing in a chamber the electrode which makes a 
pair and introducing the gas for plasma production in a chamber. In the plasma treatment equipment 
which carries out plasma treatment of the processed material introduced between electrodes with this 
plasma while generating the plasma from the gas for plasma production by this dielectric barrier 
discharge Plasma treatment equipment characterized by preparing the protective layer formed of thermal 
melting arrival in one [ which makes a pair / at least ] front face of an electrode, and growing into it by 
glassiness. 

[Claim 2] Plasma treatment equipment according to claim 1 characterized by being seamless, forming in 
tubed the electrode which prepares a protective layer, and changing. 

[Claim 3] Plasma treatment equipment according to claim 1 characterized by forming in tubed the 
electrode which prepares a protective layer by sticking the edge of an electrode member without an 
opening and joining, and changing. 

[Claim 4] Plasma treatment equipment according to claim 3 characterized by joining the edge of an 
electrode member by high-frequency welding. 

[Claim 5] Plasma treatment equipment according to claim 1 to 4 characterized by forming the protective 
layer of glassiness in the front face of an electrode by thermal melting arrival, and growing into it after 
carrying out the surface roughening process of the front face of an electrode. 

[Claim 6] Plasma treatment equipment according to claim 1 to 5 which soaks almost, carries out, carries 
out thermal melting arrival of the vitreous material at 400-1000 degrees C, and is characterized for a 
vitreous material by spray credit or formings protective layer and changing. 

[Claim 7] A multiple-times line is plasma treatment equipment according to claim 6 which soaks and is 
characterized by the spray credit of a vitreous material, or forming credit and the thermal melting arrival 
of a vitreous material by turns, and changing a protective layer. 

[Claim 8] Plasma treatment equipment according to claim 1 to 7 characterized by the gas for plasma 
production being the mixture of gas of inert gas or inert gas, and reactant gas. 
[Claim 9] Plasma treatment equipment according to claim 1 to 8 characterized by cooling with a 
refrigerant at least one side of an electrode which makes a pair. 

[Claim 10] Plasma treatment equipment according to claim 9 characterized by a refrigerant being ion 
exchange water. 

[Claim 11] Plasma treatment equipment according to claim 9 or 10 characterized by forming the inside 
of the electrode formed in tubed as passage of a refrigerant, and changing. 

[Claim 12] Plasma treatment equipment according to claim 1 1 characterized by removing the foreign 
matter generated on the front face by the side of the passage of an electrode in the case of formation of a 
protective layer. 

[Claim 13] Plasma treatment equipment according to claim 1 1 or 12 characterized by forming an 
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anticorrosion layer in the front face by the side of the passage of an electrode, and growing into it. 
[Claim 14] Plasma treatment equipment according to claim 9 to 13 characterized by a refrigerant having 
nonfreezing and insulation. 

[Claim 15] Plasma treatment equipment according to claim 1 to 14 characterized by a protective layer 
being the thickness of 0.1 -2mm. 

[Claim 16] Plasma treatment equipment according to claim 1 to 15 characterized by a protective layer 
being the withstand voltage of l-30kV. 

[Claim 17] Plasma treatment equipment according to claim 1 to 16 characterized by the frequency of the 
alternating current electric field impressed between the electrodes which make a pair being 1kHz - 
200MHz. 

[Claim 18] Plasma treatment equipment according to claim 1 to 17 characterized by the gap between the 
electrodes which make a pair being 1 -20mm. 

[Claim 19] Plasma treatment equipment according to claim 1 to 18 characterized by forming an 
insulating layer in the inside of a metal chamber, and growing into it. 

[Claim 20] The plasma treatment approach characterized by performing plasma treatment with plasma 
treatment equipment according to claim 1 to 19. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to surface cleaning of the electronic parts with which 
precise junction is demanded especially etc. about the plasma treatment equipment and the plasma 
treatment approach for performing plasma treatment, such as surface cleaning of cleaning of foreign 
matters, such as the organic substance which exists on the surface of a processed material, exfoliation of 
a resist, an improvement of the adhesion of an organic film, reduction of a metallic oxide, film 
production, surface treatment, and the glass substrate for liquid crystal. 
[0002] 

[Description of the Prior Art] Generating the plasma, supplying this plasma to a processed material, and 
using for surface treatment processing etc. is performed by impressing alternating current electric field 
to inter-electrode [ of a pair ] in the ambient atmosphere of the gas for plasma production, such as an 
argon and helium, and conventionally, generating discharge. For example, there are some which are 
indicated by JP,6-96718,A as plasma treatment equipment which there are some which are indicated by 
JP,4-358076,A as plasma treatment equipment which used the electrode of the pair of an parallel 
opposed type, and used the tubing-like electrode. Since such an electrode for plasma treatment 
equipments was metal, when used as it is, in response to the corrosion by sputtering by the plasma, or 
the gas for plasma production, the life was short, and the impurity produced by sputtering adhered to the 
processed material, there was a problem that a processed material was polluted, and there was a problem 
of being easy to produce abnormality discharge, further. 

[0003] Then, by using for JP,6-96718,A the electrode which has a ceramic-flame-spraying layer by 
invention of a publication, the front face of an electrode is covered and protected in a ceramic-flame- 
spraying layer, and to make it the above-mentioned problem not arise is tried. However, although 
uniform smooth nature can be obtained if an electrode is covered with a ceramic-flame-spraying layer, a 
small pinhole tends [ very ] to produce a ceramic-flame-spraying layer (refer to practical use surface 
treatment technical conspectus (the 275th page of the 1993.3.25 edited by technical ingredient study 
group first edition, the 720th page)). And since the part of this pinhole did not have enough withstand 
voltage nature, it had the problem that electric-field concentration and spark discharge occurred in the 
part of a pinhole, or the ceramic-flame-spraying layer itself broke. Moreover, discharge did not occur in 
homogeneity by the pinhole, but there was a possibility that the effectiveness of plasma treatment might 
fall, or an elevated temperature might be started and damaged to a processed material. Furthermore, in 
order to form a ceramic-flame-spraying layer with few pinholes by thermal spraying, it had to carry out 
by having divided into numbers of times and having repeated the process of thermal spraying, and there 
was a problem that production cost started very much the time amount list being spent in covering an 
electrode with a ceramic-flame-spraying layer. 

[0004] Then, although forming a glass plate with few pinholes than a ceramic-flame-spraying layer on 
the surface of an electrode was proposed by JP,6-96718,A, in this case, the adhesion of a glass plate and 
an electrode was low, and since a glass plate could not be formed ultra-thin, there was a problem that 
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discharge could not take place to homogeneity easily. 

[0005] On the other hand, forming a coat by textile-glass-yarn lining on the surface of an electrode is 
proposed by JP,1 1-19 1500, A. Generally with the textile-glass-yarn lining approach, coating using 
thermal spraying of glassiness, sol gel process coating, water glass, etc; is mentioned. Especially sol gel 
process coating is the approach of being used for the effective target in recent years, and diluting a 
glassiness alkoxide (silica system alkoxide) with a solvent, and heating this for a base material, 
stiffening by hydrolysis, and lining glassiness on the surface of a base material. However, in sol gel 
process coating, since stress occurred at the time of hydrolysis and contraction distortion occurred, 
adhesion with a base material was low, and since it was porous, there was a problem that insulation- 
proof was low. 

[0006] As mentioned above, although many problems generate the protective layer (protective coating) 
of the electrode currently performed from the former with the engine performance and property of itself, 
the phenomenon in which an electrode (base material) causes the engine performance of a protective 
layer and the fall of endurance owing to also exists further. Usually, when producing an electrode to 
tubed, as one or more electrode members are joined by welding etc. in many cases, for this reason it is 
shown in drawing 15 , the minute opening (space) 19 may occur in the joint 1 1 which hits a part for the 
joint of electrodes 2 and 3 (electrode member 10) (welding seam) (the cross-section photograph for the 
joint which the opening produced in drawing 16 is shown). And when the opening existed in the 
electrode in this way, the protective layer might be destroyed by the gas by which the gas enclosed with 
this opening will expand heat etc., will blow off from the front face of an electrode, and blew off from 
the front face of an electrode the inside of discharge, and after discharge (the photograph of the electrode 
with which the protective layer was destroyed by drawing 17 is shown). This phenomenon is a fishscale 
phenomenon as used in the field of a porcelain enamel covering technique, and it enables it to make 
endurance high fully taking advantage of the engine performance of a protective layer to make it not 
generate this phenomenon. 
[0007] 

[Problem(s) to be Solved by the Invention] By making this invention in view of the above-mentioned 
point, and there being very few pinholes, and adhesion with an electrode being high, and forming the 
high protective layer of insulation-proof on the surface of an electrode By being able to prevent 
generating of electric-field concentration, spark discharge, destruction of a protective layer and 
exfoliation, thermal breakage of a processed material, and uneven discharge, and preventing breakage of 
the protective layer by the fishscale phenomenon It aims at offering the plasma treatment approach using 
the plasma treatment equipment and this which can raise the endurance of a protective layer. 
[0008] 

[Means for Solving the Problem] The plasma treatment equipment concerning claim 1 of this invention 
Dielectric barrier discharge is generated under the pressure near the atmospheric pressure among 
electrodes 2 and 3 by impressing the electric field of the shape of an alternating current or a pulse among 
the electrodes 2 and 3 which make a pair while forming the electrodes 2 and 3 which make a pair in a 
chamber 1 and introducing the gas for plasma production in a chamber 1. In the plasma treatment 
equipment which carries out plasma treatment of the processed material 4 introduced among electrodes 
2 and 3 with this plasma while generating the plasma from the gas for plasma production by this 
dielectric barrier discharge It is characterized by forming the protective layer 32 formed of thermal 
melting arrival in one [ which makes a pair / at least ] front face of electrodes 2 and 3, and growing into 
it by glassiness. 

[0009] Moreover, the plasma treatment equipment concerning claim 2 of this invention is characterized 
by in addition to the configuration of claim 1, being seamless, forming in tubed the electrodes 2 and 3 
which form a protective layer 32, and changing. 

[0010] Moreover, the plasma treatment equipment concerning claim 3 of this invention is characterized 
by forming in tubed the electrodes 2 and 3 which form a protective layer 32, and changing by in addition 
to the configuration of claim 1, sticking the edge of the electrode member 10 without an opening, and 
joining. 
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[001 1] Moreover, in addition to the configuration of claim 3, the plasma treatment equipment 
concerning claim 4 of this invention is characterized by joining the edge of the electrode member 10 by 
high-frequency welding. 

[0012] Moreover, after the plasma treatment equipment concerning claim 5 of this invention carries out 
the surface roughening process of the front face of electrodes 2 and 3 in addition to the configuration of 
claim 1 thru/or either of 4, it is characterized by forming the protective layer 32 of glassiness in the front 
face of electrodes 2 and 3 by thermal melting arrival, and growing into it. 

[0013] Moreover, in addition to the configuration of claim 1 thru/or either of 5, it soaks almost, and 
carries out, thermal melting arrival of the vitreous material is carried out at 400-1000 degrees C, and the 
plasma treatment equipment concerning claim 6 of this invention is characterized for a vitreous material 
by spray credit or forming a protective layer 32 and changing. 

[0014] Moreover, in addition to the configuration of claim 6, it soaks and the plasma treatment 
equipment concerning claim 7 of this invention is characterized by the spray credit of a vitreous 
material, or for a multiple-times line forming credit and the thermal melting arrival of a vitreous material 
by turns, and changing a protective layer 32. 

[0015] Moreover, in addition to the configuration of claim 1 thru/or either of 7, the plasma treatment 
equipment concerning claim 8 of this invention is characterized by the gas for plasma production being 
the mixture of gas of inert gas or inert gas, and reactant gas. 

[0016] Moreover, the plasma treatment equipment concerning claim 9 of this invention is characterized 
by cooling with a refrigerant at least one side of electrodes 2 and 3 which makes a pair in addition to the 
configuration of claim 1 thru/or either of 8. 

[0017] Moreover, in addition to the configuration of claim 9, the plasma treatment equipment 
concerning claim 10 of this invention is characterized by a refrigerant being ion exchange water. 
[001 8] moreover, the plasma treatment equipment concerning claim 1 1 of this invention - claim 9 or the 
configuration of 10 - in addition, it is characterized by forming the inside of the electrodes 2 and 3 
formed in tubed as passage 33 of a refrigerant, and changing. 

[0019] Moreover, the plasma treatment equipment concerning claim 12 of this invention is characterized 
by removing the foreign matter generated on the front face by the side of the passage 33 of electrodes 2 
and 3 in the case of formation of a protective layer 32 in addition to the configuration of claim 11. 
[0020] Moreover, the plasma treatment equipment concerning claim 13 of this invention is characterized 
by in addition to claim 1 1 or the configuration of 12, forming the anticorrosion layer 12 in the front face 
by the side of the passage 33 of electrodes 2 and 3, and growing into it. 

[0021] Moreover, in addition to a configuration, the plasma treatment equipment concerning claim 14 of 
this invention is characterized by a refrigerant having nonfreezing and insulation at claim 9 thru/or either 
of 13. 

[0022] Moreover, in addition to the configuration of claim 1 thru/or either of 14, the plasma treatment 
equipment concerning claim 15 of this invention is characterized by a protective layer 32 being the 
thickness of 0 . 1 -2mm. 

[0023] Moreover, in addition to the configuration of claim 1 thru/or either of 15, the plasma treatment 
equipment concerning claim 16 of this invention is characterized by a protective layer 32 being the 
withstand voltage of l-30kV. 

[0024] Moreover, in addition to the configuration of claim 1 thru/or either of 16, the plasma treatment 
equipment concerning claim 17 of this invention is characterized by the frequency of the alternating 
current electric field impressed among the electrodes 2 and 3 which make a pair being 1kHz - 200MHz. 
[0025] Moreover, in addition to the configuration of claim 1 thru/or either of 17, the plasma treatment 
equipment concerning claim 18 of this invention is characterized by the gap between the electrodes 2 
and 3 which make a pair being 1 -20mm. 

[0026] Moreover, the plasma treatment equipment concerning claim 19 of this invention is characterized 
by in addition to the configuration of claim 1 thru/or either of 18, forming an insulating layer in the 
inside of the metal chamber 1, and growing into it. 

[0027] Moreover, the plasma treatment approach concerning claim 17 of this invention is characterized 
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by performing plasma treatment with plasma treatment equipment according to claim 1 to 16. 
[0028] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained. 
[0029] An example of plasma treatment equipment is shown in drawing 1 . The chamber 1 formed in a 
cube type prepares packing, such as an O ring, in a part for a joint, airtightness is formed highly, and the 
installation base 5 for carrying the electrodes 2 and 3 and processed material 4 which counter up and 
down is formed in the chamber 1. It is arranged at the bottom, and the electrode 3 of another side where 
an electrode 2 is arranged as a high voltage electrode at the bottom acts as an earth electrode, 
respectively, and a pair (pair) is made with the electrode 2 of a piece, and two electrodes 3. Moreover, 
while the supply pipe 30 for introducing the gas for plasma production in a chamber 1 protrudes on the 
top face of a chamber 1, the exhaust pipe 31 for deriving the excessive gas for plasma production out of 
a chamber 1 protrudes on the inferior surface of tongue of a chamber 1. In addition, the installation base 
5 is used when a processed material 4 is larger than spacing of two electrodes 3, a processed material 4 
lays it in two electrodes 3, and if it can be supported, the installation base 5 is unnecessary [ the base ]. 
Moreover, the location of a supply pipe 30 or an exhaust pipe 3 1 is not limited to the location shown in 
drawing 1 , but is arbitrary. Furthermore, especially the number of each of an electrode 2 and an 
electrode 3 is not limited, but you may make it make a pair with two or more electrodes 2, pieces, or 
three or more electrodes 3. 

[0030] Although a chamber 1 can be formed with metals, such as synthetic resin, such as acrylic resin, 
and stainless steel, it is desirable to coat by forming an insulating layer in the whole inside of a chamber 
1 (in the case especially of metal) with insulating materials (insulating material), such as resin 
ingredients, such as vitreous materials, such as porcelain enamel, and Teflon (trademark) 
(tetrafluoroethylene), and a ceramic ingredient. As an insulating material, vitreous materials, ceramic 
ingredients, etc., such as a quartz, an alumina, and a yttria partial stabilization zirconium, can be 
illustrated. Furthermore, the thing of the dielectric quality of the materials, such as an alumina 
(aluminum 203), titanium oxide (it is Ti02 at a titania), Si02 and A1N, Si3N, SiC and DLC (diamond 
Mr. carbon coat), barium titanate, and PZT (lead titanate zirconate), can be illustrated. Moreover, the 
insulating material containing a magnesia (MgO) simple substance or a magnesia can also be used. How 
to paste up and stick the insulating material formed in tabular to the inside of a chamber 1 as the coating 
approach, And powder, such as an alumina, barium titanate, titanium oxide, and PZT, is distributed in 
the plasma. The plasma metal spray method it is made to spray on the inside of a chamber 1, and a silica, 
A solvent etc. distributes minerals powder, such as tin oxide, a titania, a zirconia, and an alumina. The 
so-called porcelain enamel covering approach which carries out melting at the temperature of 600 
degrees C or more after spraying and covering with a spray etc. to the inside of a chamber 1 (in addition 
as the porcelain enamel covering approach) The formation approach of the protective layer 32 to the 
below-mentioned electrodes 2 and 3 is also employable. And the formation approach of the glassiness 
film by the sol gel process, the approach of dipping the chamber 1 to the dissolved Teflon and forming a 
Teflon coat, the method of sticking on the inside of a chamber 1 seal-like (web material which has 
adhesive layer) Teflon, etc. are employable. Furthermore, the inside of a chamber 1 can also be coated 
with an insulating material with gaseous-phase vacuum deposition (CVD) or physical vapor deposition 
(PVD). 

[0031] Thus, by forming and coating the inside of a chamber 1 with an insulating layer, while being able 
to prevent discharge from happening between electrodes 2 and 3 and the inside of a chamber 1, the 
power loss to an input can be prevented, the discharge effectiveness between electrodes 2 and 3 can be 
raised, more stable and uniform dielectric barrier discharge is attained, and the plasma can be efficiently 
generated to stability. In addition, the external surface of a chamber 1 may also be coated with an 
insulating material. 

[0032] As shown in drawing 4 (a), electrodes 2 and 3 are formed in tubed (the shape of a pipe) with 
conductive metals, such as stainless steel, and the protective layer (protective coating layer) 32 which 
consists of glassiness and is formed of thermal melting arrival as shown in the front face (external 
surface) at drawing 4 (b) covers the whole surface, and they are prepared. Moreover, the inside (interior) 
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of electrodes 2 and 3 is formed as passage 33 which can pass a refrigerant. In addition, especially the 
configuration of electrodes 2 and 3 is not limited, but can use the thing of a square shape cross section, 
and the thing or the plate-like thing of a tube-like cross section in various combination. 
[0033] As for electrodes 2 and 3, forming [ which does not have a joint ] seamlessly is desirable, the 
opening 19 as shown in drawing 15 by this can be prevented from existing in the interior of electrodes 2 
and 3, and possibility that a protective layer 32 will break owing to electrodes 2 and 3 (fishscale 
phenomenon) can be made to decrease sharply. Such seamless electrodes 2 and 3 can be formed by 
seamless processing of extrusion molding etc. Moreover, if electrodes 2 and 3 are formed by extrusion 
molding, it is easy to change the configuration of electrodes 2 and 3, and the degree of freedom of the 
configuration of electrodes 2 and 3 will become large, and the mass production method of electrodes 2 
and 3 of it will be attained. Moreover, press working of sheet metal of the seamless cylindrical pipe can 
be carried out, and the electrodes 2 and 3 of a desired configuration can also be formed. Although it is 
desirable to consider as a convex surface (Rth page) for equalization of dielectric barrier discharge as for 
the corner of electrodes 2 and 3, it becomes easy to produce the electrodes 2 and 3 which attached R to 
the corner by adopting press working of sheet metal for extrusion molding or a seamless cylindrical 
pipe. 

[0034] The electrodes 2 and 3 which have at least one joint Goint) 1 1 are shown in drawing 5 (a) and 
drawing 6 (a). The electrodes 2 and 3 of drawing 5 (a) are formed by sticking one edge and other-end 
section of the electrode member 10 without an opening, and joining while bending and processing one 
tabular electrode member 10 and fabricating to tubed. That is, the opening does not exist in the joint 1 1 
formed by part for the joint of the edges of the electrode member 10. Usually, it is difficult to stick the 
edge of the electrode member 10 and to join so that an opening may. not occur in a joint 1 1 in the 
welding operation currently generally performed. Then, the electrodes 2 and 3 with which it is desirable 
using the RF (resistance) welding process which the edge of the electrode member 10 is stuck easily and 
can be joined, and it is this so that an opening may not occur in a joint 1 1, and it becomes joinable 
[ opening loess ] and the opening does not exist in a joint 1 1 can be formed easily (the cross-section 
photograph for a joint joined to drawing 18 by high-frequency welding is shown). Therefore, when the 
destructive phenomenon of the protective layer 32 by fishscale phenomenon like before can be avoided 
and it pours [ and ] refrigerants, such as cooling water, to passage 33, it becomes less poor [ ooze / the 
refrigerant from a joint 1 1 / and ], and destruction and degradation of the protective layer 32 by the 
refrigerant can be prevented, and the endurance of a protective layer 32 can be raised. As the electrodes 
2 and 3 as shown in drawing 5 (a) are also shown in drawing 5 (b), the same protective layer 32 as the 
above is formed. 

[0035] Other electrodes 2 and 3 are shown in drawing 6 (a). These electrodes 2 and 3 are formed by 
sticking the edge of one electrode member 10, and the edge of the electrode member 10 of another side 
without an opening, and joining while doubling two electrode members 10 which bent, processed and 
were formed in the shape of a cross-section abbreviation KO character and making it tubed. The RF 
(resistance) welding process same as the junction approach as the above can be used, and it is this, and 
electrodes 2 and 3 can be formed so that an opening may not exist in two joints 1 1 formed by part for 
the joint of the edges of the electrode member 10. In addition, three or more electrode members 10 may 
be joined, and electrodes 2 and 3 may be formed. 

[0036] A protective layer 32 is formed by carrying out thermal melting arrival of the glassiness to the 
front face of electrodes 2 and 3 , and can adopt and form the approach of porcelain enamel covering 
which is coats, such as porcelain enamel, for example, is indicated by the glass handbook (Asakura 
Publishing, 1991.4.10, the 12th **, pl91-196), the practical use surface treatment technical conspectus 
(the volume for technical ingredient research associations, the 1993.3.25 first edition, p731), etc. Make 
solvents, such as water, distribute minerals powder, such as a silica, tin oxide, a titania, a zirconia, and 
an alumina, and a vitreous material (cover coat) is specifically prepared. Carry out spray credit of this 
vitreous material to the front face of electrodes 2 and 3, or soak it in it, supply in credit (dipping) etc., 
and the front face of electrodes 2 and 3 is covered with a vitreous material. Then, while heat-treating the 
electrodes 2 and 3 to which the vitreous material adhered for 1 - 15 minutes at the temperature of 480- 
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1000 degrees C and evaporating the solvent of a vitreous material, it can form by making the front face 
of electrodes 2 and 3 carry out thermal melting arrival (joining) of the minerals powder. 
[0037] Thus, by forming in the front face of electrodes 2 and 3 the protective layer 32 which consists of 
glassiness by thermal melting arrival Electrodes 2 and 3 can be protected from a sputtering operation of 
the plasma, or the corrosive action of the gas for plasma production. Degradation of electrodes 2 and 3 
can be lessened, and even if it can prevent an impurity from being generated from electrodes 2 and 3 and 
is prolonged use, it can avoid polluting a processed material 4 from an impurity. And compared with the 
protective layer formed of thermal spraying of SERAMMIKU, while the protective layer 32 of this 
invention can lessen a pinhole extremely, by arranging a glass plate, compared with the case where a 
protective layer is formed, its thickness can be thin, it can raise the adhesion over electrodes 2 and 3, and 
can prevent generating of abnormality discharge, such as electric-field concentration, spark discharge, 
destruction of a protective layer, thermal breakage of a processed material, and uneven discharge. 
Furthermore, cost can be reduced in the time amount list spent on production of a protective layer 32 
compared with precise ceramic flame spraying. Moreover, compared with the protective layer formed by 
glassiness lining of sol gel process coating etc., its adhesion with electrodes 2 and 3 is high, and since 
the protective layer 32 of this invention is riot porous, insulation-proof is high [ the protective layer ]. In 
addition, although you may prepare only in one side of electrodes 2 and 3, preparing in both electrodes 2 
and 3 is desirable, and, as for a protective layer 32, it can acquire the above-mentioned effectiveness 
certainly by this. Moreover, although you may make it form a protective layer 32 in some electrodes 2 or 
some electrodes 3 when using two or more electrodes 2 and 3, the effectiveness of the above [ the 
direction which forms a protective layer 32 in all the electrodes 2 and 3 ] becomes large and is desirable. 

[0038] As for a protective layer 32, forming by two coats is desirable. Two coats is performed as 
follows. First, spray credit is carried out to the front face of electrodes 2 and 3, or it soaks, it supplies in 
credit (dipping) etc. and the front face of electrodes 2 and 3 is covered with a vitreous material, and 
while heat-treating the electrodes 2 and 3 to which the vitreous material adhered for 1 - 15 minutes at the 
temperature of 480-1000 degrees C and evaporating the solvent of a vitreous material after this, the front 
face of electrodes 2 and 3 is made to carry out welding (joining) of the minerals powder. Next, spray 
credit of the vitreous material is newly carried out, or it soaks, it supplies in credit etc. and the coat of a 
vitreous material is formed in the front face of the coat of the glassiness formed in the front face of 
electrodes 2 and 3 of welding, after this, it heat-treats for 1 - 15 minutes at the temperature of 480-1000 
degrees C, and thermal melting arrival of the minerals powder is carried out to the front face of the coat 
of glassiness. That is, a multiple-times (2 - 3 times) line forms a protective layer 32 for the process of 
credit, and the process of the thermal melting arrival of a vitreous material by turns by soaking, and two 
coats is [ the spray credit of a vitreous material, or ] this, and its pinhole of a protective layer 32 
decreases more, and it can prevent certainly generating of electric-field concentration, spark discharge, 
destruction of a protective layer, thermal breakage of a processed material, and uneven discharge. 
[0039] Furthermore, in order to give smooth nature to the front face of a protective layer 32, a shaving 
process may be given, it is this, the pinhole of a protective layer 32 decreases more, and generating of 
electric-field concentration, spark discharge, destruction of a protective layer, thermal breakage of a 
processed material, and uneven discharge can be prevented certainly. 

[0040] Moreover, before forming a protective layer 32 in the front face of electrodes 2 and 3, as shown 
in drawing 7 (b) after this, it is desirable [ as a surface roughening process is performed to the front face 
of electrodes 2 and 3 and it is shown in drawing 7 (a), it is desirable to form the surface roughening layer 
15 of detailed irregularity in the front face of electrodes 2 and 3, and ] to form the protective layer 32 of 
glassiness in the front face of the surface roughening layer 15 of electrodes 2 and 3 by thermal melting 
arrival. As a surface roughening process, blasting processing of sandblasting, glass bead blasting, etc. is 
employable. And by forming in the front face of electrodes 2 and 3 the aftercare layer 32 which carried 
out the surface roughening process in this way, the adhesion of electrodes 2 and 3 and a protective layer 
32 can be raised, and exfoliation of the protective layer 32 from electrodes 2 and 3 etc. can be prevented. 
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[0041] Moreover, a part of front face (non-coat part) of electrodes 2 and 3 in which a protective layer 32 
is not formed will be oxidized thermally at an elevated temperature by the heat-treatment at the time of 
forming a protective layer 32 in electrodes 2 and 3. That is, when electrodes 2 and 3 are formed in tubed 
[ which has passage 33 ], the front face by the side of the passage 33 of electrodes 2 and 3 (inside) will 
be oxidized thermally, and foreign matters, such as an oxide, will be formed in the front face by the side 
of the passage 33 of electrodes 2 and 3 in the shape of a layer. And if refrigerants, such as water, are 
poured to passage 33 where such a foreign matter is formed, and electrodes 2 and 3 are used, since the 
corrosion (oxidization) of electrodes 2 and 3 will be promoted, reservation of the dielectric barrier 
discharge by which the endurance of an electrode 2 and 3 self was fallen and stabilized becomes 
difficult. And there is also a possibility that rust etc. may mix into a refrigerant and blinding may occur 
on a condensator, a pump, etc. Then, by carrying out acid cleaning of the foreign matters, such as an 
oxide formed in the front face by the side of the passage 33 of electrodes 2 and 3, and removing them 
with a nitric acid, a sulfuric acid, etc., in order to avoid these phenomena As shown in drawing 8 , it is 
desirable to form the front face by the side of the passage 33 of electrodes 2 and 3 as a tailing side 16, it 
is this, and the dielectric barrier discharge which could raise the endurance of electrodes 2 and 3 and was 
stabilized can be secured. Furthermore, after forming the tailing side 16, it is desirable, as shown in 
drawing 9 by performing chromate treatment etc. to the front face by the side of the passage 33 of 
electrodes 2 and 3 to form the anticorrosion layer (corrosion-protection-coating layer) 12 in order to 
prevent generating of the electrode 2 by circulation of a refrigerant, and the re-corrosion of three or to 
delay. The dielectric barrier discharge which could raise the endurance of electrodes 2 and 3 further, and 
was stabilized more in this is securable. 

[0042] As for the thickness of a protective layer 32, forming in 0. 1 -2mm is desirable. If the thickness of 
a protective layer 32 is less than 0. 1mm, withstand voltage will become small too much, there will be a 
possibility that it may become easy to produce a crack and exfoliation and it may become impossible to 
fully protect electrodes 2 and 3 and the thickness of a protective layer 32 will exceed 2mm, withstand 
voltage will become large too much, and there is a possibility that it may become impossible to be 
stabilized and to generate uniform dielectric barrier discharge. 

[0043] Moreover, as for the withstand voltage of a protective layer 32, it is desirable to make it l-30kV. 
Before dielectric barrier discharge occurs that the withstand voltage of a protective layer 32 is less than 
lkV, a protective layer 32 is destroyed and a possibility that the uniform and stabilized dielectric barrier 
discharge cannot be generated is. Although the higher one of the withstand voltage of a protective layer 
32 is desirable, since it will become that it is hard to generate the dielectric barrier discharge which it 
will be necessary to thicken thickness of a protective layer 32, was uniform, and was stabilized if it is 
going to obtain withstand voltage highly, as for the upper limit of withstand voltage, it is desirable to set 
it as 30kV. In addition, the withstand voltage of a protective layer 32 is set as a desired value by 
adjusting thickness and a presentation. 

[0044] By fixing to the electrode holder which established the edge in the medial surface of a chamber 
1, in the chamber 1, the electrodes 2 and 3 formed as mentioned above are made to counter up and 
down, and are arranged. And while the electrode 2 arranged at the bottom is electrically connected to the 
power source 43, the electrode 3 arranged at the bottom is grounded and discharge space 34 is formed 
among electrodes 2 and 3. A power source 43 generates alternating current electric field (RF electric 
field), impresses alternating current electric field to the discharge space 34 between the electrodes 2 and 

3 which make a pair, and generates dielectric barrier discharge. Moreover, if a power source 43 may 
generate the pulse-ized electric field (pulse-like electric field) and such a power source 43 is used, it can 
impress the electric field pulse-ized by the discharge space 34 between the electrodes 2 and 3 which 
make a pair, and can generate dielectric barrier discharge. 

[0045] As for the electrode 2 which makes a pair (it counters), and the spacing (gap) L of the upper and 
lower sides of three, it is desirable to set it as l-20mm. It becomes impossible for the processed material 

4 of the thick material which there is a possibility that it may become difficult for there to be a 
possibility that a short circuit will take place among electrodes 2 and 3 if the spacing L of electrodes 2 
and 3 is less than 1mm, and discharge may not take place in discharge space 34, and for discharge space 
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34 to become narrow moreover, and to generate the plasma efficiently, and exceeds the thickness of 
1mm further to introduce into discharge space 34, and plasma treatment cannot be performed to the 
processed material 4 of a thick material. Moreover, when the spacing L of electrodes 2 and 3 exceeds 
20mm, there is a possibility that it may become difficult for discharge to stop being able to happen in 
discharge space 34 easily, and to generate the plasma efficiently. 

[0046] Thus, in carrying out plasma treatment of the processed material 4 tabular by the shape of piece, 
such as a substrate for circuits, and a glass substrate for liquid crystal, (short length) under the pressure 
near the atmospheric pressure using the plasma treatment equipment formed, it carries out as follows. 
First, as shown in drawing 1 , a processed material 4 is carried on the installation base 5, and it 
introduces into discharge space 34. Next, as an arrow head a shows, while supplying the gas for plasma 
production in a chamber 1 through a supply pipe 30, the electric field of the shape of an alternating 
current or a pulse are impressed to the discharge space 34 between the electrodes 2 and 3 used as a pair 
according to a power source 43. While generating the so-called dielectric barrier discharge which 
discharges by this through the protective layer 32 which is a dielectric to the discharge space 34 between 
the electrodes 2 and 3 used as a pair, this dielectric barrier discharge generates the plasma from the gas 
for plasma production. Then, plasma treatment can be performed to a processed material 4 by leaving 
only predetermined time amount. In addition, the excessive gas for plasma production is discharged out 
of a chamber 1 through an exhaust pipe 3 1 , as an arrow head b shows. 

[0047] Since plasma treatment of this invention is performed under the pressure near the atmospheric 
pressure (preferably 93.3-106.7 kPa (700 - 800Torr)), adjustment of a pressure is easy, although 
equipment becomes simple, adjustment of a pressure is unnecessary especially and it is desirable to 
perform plasma treatment under the atmospheric pressure which becomes unnecessary [ a 
decompression device etc. ]. 

[0048] The reduction effectiveness of the cleaning metallurgy group oxide of the organic substance 
which is this, for example, exists in the front face of a processed material 4 is realizable, using the 
mixture of gas of inert gas (rare gas) or inert gas, and reactant gas as gas for plasma production. As inert 
gas, although helium, an argon, neon, a krypton, etc. can be used, when the stability and economical 
efficiency of discharge are taken into consideration, it is desirable to use an argon and helium. 
Moreover, the class of reactant gas can be chosen as arbitration according to the contents of processing. 
For example, when performing cleaning of the organic substance which exists on the surface of a 
processed material, exfoliation of a resist, etching of an organic film, surface cleaning of LCD, surface 
cleaning of a glass plate, etc., it is desirable to use oxidizing gases, such as oxygen, air, C02, and N20. 
Moreover, when fluorine system gas, such as CF4, can also be used suitably and etches silicon etc. as 
reactant gas, it is effective to use this fluorine system gas. Moreover, when returning a metallic oxide, 
reducibility gas, such as hydrogen and ammonia, can be used. The addition of reactant gas is 0.1 - 5% of 
the weight of the range preferably 10 or less % of the weight to the whole quantity of inert gas. If the 
addition of reactant gas is less than 0.1 % of the weight, when there will be a possibility that a treatment 
effect may become low and the addition of reactant gas will exceed 10 % of the weight, there is a 
possibility that discharge may become unstable. 

[0049] Moreover, as for the frequency of the alternating current electric field impressed to the discharge 
space 34 between the electrodes 2 and 3 used as a pair, it is desirable to set it as 1kHz - 200MHz. If the 
frequency of alternating current electric field is less than 1kHz, there is a possibility that it may become 
impossible to stabilize dielectric barrier discharge in discharge space 34 under the pressure near the 
atmospheric pressure, and it may become impossible to perform plasma treatment efficiently. When the 
frequency of alternating current electric field exceeds 200MHz, there is a possibility that the temperature 
rise of the plasma in discharge space 34 may become remarkable, and the life of electrodes 2 and 3 may 
become short, and, moreover, there is a possibility that plasma treatment equipment may be complicated 
and enlarged. 

[0050] Moreover, as for the impression power impressed to discharge space 34, it is desirable 3 and to 
set it as 100 - 500 W/cm3 preferably cm 20-3500 W /. If the impression power impressed to discharge 
space 34 is less than three 20 W/cm, when the impression power which it becomes impossible to make 
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fully generate the plasma, and is conversely impressed to discharge space 34 will exceed 3500 W/cm3, 
there is a possibility that it may become impossible to obtain the stable discharge. In addition, the 
consistency (W/cm3) of impression power is defined by (impression power / discharge spatial body 
product). 

[0051] While generating dielectric barrier discharge at least in performing plasma treatment as 
mentioned above (it contains also while having not generated dielectric barrier discharge), electrodes 2 
and 3 are cooled by what a refrigerant is circulated for to passage 33 (it is made to circulate). Ion 
exchange water and pure water can be used as a refrigerant. By using ion exchange water and pure 
water, an impurity is not contained in a refrigerant and electrodes 2 and 3 become that it is hard to be 
corroded by the refrigerant. Moreover, it is desirable that it is the liquid which has nonfreezing at 0 
degree C as a refrigerant, and has electric insulation, and incombustibility and chemical stability, for 
example, as for electric insulation ability, it is desirable that the withstand voltage spaced at 0.1mm is 
lOkV or more. The reason using the refrigerant which has the insulation of this range is for preventing 
the short circuit from the electrodes 2 and 3 with which the high voltage is impressed. You may be the 
mixed liquor which could illustrate perfluorocarbon, the hydro fluoro ether, etc. and added ethylene 
glycol five to 60% of the weight to pure water as a refrigerant which has such a property. 
[0052] When using pure water as a refrigerant as mentioned above, a scale killer (trade name of the 
Japan Steel Works) can be used. A scale killer is a physical water treating unit using the electric field 
and the magnetic field which performs scale control and rust proofing in a cooling water circulation line 
etc. Although scale-ization is prevented by a scale killer's urging crystallization of a scale component by 
electric field and the magnetic field, and growing up a crystal greatly as a sludge By applying this to this 
invention, the scale layer which is a rust-proofing coat can be formed in the base of electrodes 2 and 3, it 
can prevent that a refrigerant contacts the base of electrodes 2 and 3 directly, and effect is taken not only 
to control of a scale but to the corrosion prevention and descaling of electrodes 2 and 3. 
[0053] It is what cools electrodes 2 and 3 by letting a refrigerant pass during plasma production to 
drawing 3 (a) and (b) at passage 33 as an arrow head shows. And by this Even if it generates the plasma 
by the high alternating current of a frequency under the pressure near the atmospheric pressure, the 
temperature rise of electrodes 2 and 3 can be suppressed more. While being able to prevent thermal 
degradation of the electrodes 2 and 3 by the elevated temperature, as the temperature (gas temperature) 
of the plasma does not become high, it can lessen thermal damage on a processed material 4. Moreover, 
local heating of the discharge space 34 formed among electrodes 2 and 3 can be prevented, more 
homogeneous dielectric barrier discharge can be generated, generation of streamer discharge can be 
suppressed, and damage by streamer discharge of a processed material 4 can be lessened more. In 
addition, a refrigerant may be air. Moreover, although you may make it cool only one side among 
electrodes 2 and 3, the effectiveness of the above [ the direction which cools both electrodes 2 and 3 ] 
becomes large and is desirable. Furthermore, although some electrodes 2 or some electrodes 3 can also 
be cooled when two or more electrodes 2 and 3 are used, the effectiveness of the above [ the direction 
which cools all the electrodes 2 and 3 ] becomes large and is desirable. 
[0054] 

[Example] An example explains this invention concretely below. 

[0055] (Example 1) Plasma treatment equipment like drawing 1 was formed using the electrodes 2 and 3 
shown in drawing 2 . As a chamber 1, the thing made of 520mmx352mmx200mm acrylic resin was 
used. An electrode 2 is formed in tubed in a square shape cross section, and used the square-pipe-steel- 
like electrode of SUS304 with a width-of-face [ of 32mm ] x height [ of 1 6mm ] x die length [ of 
400mm ], and a thickness of 1 .5mm. An electrode 3 is formed in tubed in a tube-like cross section, and 
used the tubular pipe electrode of SUS304 with a phil4mmx die length [ of 400mm ], and a thickness of 
1.5mm. Moreover, the protective layer 32 of porcelain enamel was continued and formed in any front 
face of electrodes 2 and 3 on the whole surface. The minerals powder of a silica and an alumina is used 
as a raw material, and 150g (cover coat) of vitreous materials which distributed this to the solvent and 
were prepared is applied to the front face of electrodes 2 and 3 with a spray gun, and after that, heating 
fusion is carried out for 10 minutes, it can be burned at about 850 degrees C, (carrying out thermal 
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melting arrival), and a protective layer 32 is **. And spreading and baking by the spray gun were 
repeated by a unit of 3 times by turns, two coats of them was given, and the protective layer 32 to which 
the thickness of about 0.5mm was made at homogeneity was formed. And the electrode 2 of a piece and 
two electrodes 3 were made to counter up and down mutually, the pair was formed, and the electrodes 2 
and 3 which make this pair have been arranged in a chamber 1 . At this time, gap distance L between the 
electrodes 2 and 3 which counter was set to 5mm. 

[0056] As a processed material 4, the silicon substrate which applied negative resist by 1 micrometer 
was used. As gas for plasma production, 11. / min, and an argon were mixed by 31. / min, oxygen was 
mixed at a rate of 60 cc/min, and helium was supplied to the chamber 1 . Moreover, ion exchange water 
was used as a refrigerant which cools electrodes 2 and 3. 

[0057] An electrode 2 is used as a high voltage electrode, and an electrode 3 is used as an earth 
electrode. Impression power to the discharge space 34 between electrodes 2 and 3 under atmospheric 
pressure and by 250W Impress 100kHz alternating current electric field (high frequency electric field), 
generate dielectric barrier discharge, and the plasma is generated. The above-mentioned plasma was 
supplied to the processed material 4 which the installation base 5 carried and was introduced between 
gaps (discharge space 34) for about 20 seconds, and plasma treatment (surface reforming processing and 
cleaning treatment) was performed under atmospheric pressure. Consequently, the resist was able to be 
etched into the very uniform configuration. Moreover, most impurities other than a resist component 
were not detected as a result of XPS analysis. Furthermore, the discharge itself was stable and spark 
discharge, abnormality discharge, breakage of a protective layer 32, etc. did not occur. Moreover, even, 
if it carried out continuous running about about six months, breakage of a protective layer 32 was not 
seen. 

[0058] (Example 2) The processed material 4 was created by forming the circuit which screen-stencils a 
silver palladium paste to an alumina substrate, can be burned, carries out this, and contains the bonding 
pad section. As gas for plasma production, 11. / min, and an argon were mixed by 31 / min, oxygen was 
mixed at a rate of 30 cc/min, and helium was supplied to the chamber 1. Plasma treatment equipment 
was formed like the example 1 except these. 

[0059] An electrode 2 is used as a high voltage electrode, and an electrode 3 is used as an earth 
electrode. Impression power to the discharge space 34 between electrodes 2 and 3 under atmospheric 
pressure and by 25 0W The above-mentioned plasma was supplied to the processed material 4 which 
impressed 100kHz alternating current electric field (RF electric field), and was made to generate the 
plasma, and the installation base 5 carried, and was introduced between gaps (discharge space 34) for 
about 5 seconds, and plasma treatment (surface reforming processing and cleaning treatment) was 
performed under atmospheric pressure. 

[0060] Although the peak of the silver oxide was checked before processing as a result of XPS analysis 
of the bonding pad section, after processing, this peak is changing to metal silver, it was returned and the 
silver oxide of the bonding pad section is no longer accepted mostly. Moreover, the discharge itself was 
stable and spark discharge, abnormality discharge, breakage of a protective layer 32, etc. did not occur. 
Moreover, even if it carried out continuous running about about six months, breakage of a protective 
layer 32 was not seen. 

[0061] (Example 1 of a comparison) It was made to be the same as that of an example 1 except having 
made the dielectric coat of an alumina with a thickness of 0.5mm into the protective layer 32. 
Consequently, a part of protective layer 32 broke in the phase which the spark discharge considered to 
have generated from the pinhole occurred, and discharged about about two months. 
[0062] (Example 2 of a comparison) It was made to be the same as that of an example 2 except having 
made the dielectric coat of an alumina with a thickness of 0.5mm into the protective layer 32. 
Consequently, the spark discharge considered to have generated from the pinhole occurred, and some 
processed materials 4 were burned. 

[0063] (Example 3) The plasma treatment equipment which conveys a processed material 4 by shuttle 
method like drawing 10 (b) using the electrodes 2 and 3 shown in drawing 10 (a), and performs plasma 
treatment was formed. As a chamber 1, the thing made from SUS304 of die-length [ of 800mm ] x 
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width-of-face [ of 860mm ] x height size of 1 16mm was used, the joint of a chamber 1 ~ packing, such 
as an O ring, — airtightness __****„.******. Moreover, the slit-like conveyance opening 6 is formed in 
the chamber 1 so that the one side attachment wall may be penetrated. Moreover, conveyance **** 20 
of the shuttle mold by which a vertical drive is carried out with pneumatic pressure etc. is formed in the 
outside of a side attachment wall in which the conveyance opening 6 was formed. Moreover, the roller 
17 for conveyance is formed in the chamber 1 . The roller 17 for conveyance is formed in order to 
convey a processed material 4, and it is formed free [ a rotation drive ] by the motor (M8RA25GVL by 
Matsushita Electric Industrial Co., Ltd.) which drives the pulley for a drive, a belt, and them. 
[0064] An electrode 2 is formed in tubed in a square shape cross section, and used the square-pipe-steel- 
like electrode of SUS304 with a width-of-face [ of 32mm ] x height [ of 16mm ] x die length [ of 
91 1mm ], and a thickness of 1 .5mm. The corner of an electrode 2 is formed in the Rth page whose 
radius of curvatures are 1.5mm. An electrode 3 is formed in tubed in a tube-like cross section, and used 
the tubular pipe electrode of SUS304 with a phiHmmx die length of 91 1mm. Any electrodes 2 and 3 
were formed without the joint of seamless processing of extrusion molding etc. (what is shown in 
drawing 4 ). Moreover, after performing and carrying out surface roughening of the blasting processing 
which used the glass bead (JIS equivalent grain size of No. 60) for the front face of electrodes 2 and 3, 
the protective layer 32 of porcelain enamel was continued and formed in the whole surface. The 
minerals powder of a silica and an alumina is used as a raw material, and about 300-500g (cover coat) of 
vitreous materials which distributed this to the solvent and were prepared is applied to the front face of 
electrodes 2 and 3 with a spray gun, and after that, heating fusion is carried out for 10 minutes, it can be 
burned at about 850 degrees C, (carrying out thermal melting arrival), and a protective layer 32 is **. 
And spreading and baking by the spray gun were repeated by a unit of 3 times by turns, two coats of 
them was given, and the protective layer 32 to which the thickness of about 0.5mm was made at 
homogeneity was formed. The withstand voltage of this protective layer 32 was 20kV. Moreover, after 
forming a protective layer 32, the tailing side 16 as removed the foreign matter formed in the front face 
by the side of the passage 33 of electrodes 2 and 3 and shown in drawing 8 was formed by enclosing 
acid cleaning liquid (Jusco pickle 21 made from Japanese Surface chemistry) with the passage 33 inside 
electrodes 2 and 3, and leaving it for 120 minutes. 

[0065] And the electrodes 2 and 3 which make a pair were formed in the chamber 1 by putting in order 
and arranging the electrode [ two or more (three pieces) ] 2 and the electrode [ two or more (six pieces) ] 
3 in a chamber 1 so that the electrode 2 of a piece and two electrodes 3 might counter up and down 
mutually. At this time, gap distance L between the electrodes 2 and 3 used as a pair (it counters up and 
down) was set to 3mm, and set distance between the adjoining electrode 2 and 2 (pitch) to 40mm. In 
addition, electrodes 2 and 3 were fixed with the electrode holder prepared in the side face inside a 
chamber 1 so that it might see from the vertical inside of a chamber 1 and abbreviation fluctuating might 
become symmetrical. 

[0066] As a processed material 4, the glass substrate for LCD with a 750mmx600mmx thickness of 
0.7mm (No. 1737 made from Matsunami Glass) was used. As gas for plasma production, helium was 
mixed by 81. / min, oxygen was mixed at a rate of 100 cc/min, and the chamber 1 was supplied. 
Moreover, the temperature control of the refrigerant was carried out to 20 degrees C with the chiller 
(HYW1047 made from CKD), using pure water as a refrigerant which cools electrodes 2 and 3. 
[0067] Impression power to the discharge space 34 between the electrodes 2 and 3 which use an 
electrode 2 as a high voltage electrode, use an electrode 3 as an earth electrode, and make a pair under 
atmospheric pressure and by 1600W While impressing 100kHz alternating current electric field (high 
frequency " electric field), generating dielectric barrier discharge and generating the plasma to discharge 
space 34 Plasma treatment (surface reforming processing and cleaning treatment) was performed under 
atmospheric pressure with the plasma which conveys a processed material 4 by the bearer rate of 74 
mm/sec, and is generated in discharge space 34. In addition, as a power source 43, SPG 100-1000 by 
Shinko Electric Co., Ltd. was used. 

[0068] The processed material 4 was conveyed as follows and plasma treatment was carried out. First, as 
shown in drawing 1 1 , a processed material 4 is put on the conveyors 18, such as a band conveyor 
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formed in the before [ conveyance **** 20 of a chamber 1 ] side, and it conveys even just before 
conveyance **** 20. Next, if a processed material 4 approaches just before conveyance **** 20, 
conveyance **** 20 will be made to upper-drive, the conveyance opening 6 will be opened wide, and a 
processed material 4 is carried in in a chamber 1 from the conveyance opening 6. If a processed material 
4 is completely carried in in a chamber 1, conveyance **** 20 will be made to drive the bottom, the 
conveyance opening 6 will be blockaded, and the inside of a chamber 1 will be sealed. Moreover, the 
processed material 4 introduced in the chamber 1 is carried on the roller 17 for conveyance, and is 
introduced into discharge space 34 by the rotation drive of the roller 17 for conveyance. 
[0069] And being conveyed toward the conveyance opening 6 and the opposite side with the roller 17 
for conveyance, the processed material 4 introduced in the chamber 1 moves in discharge space 34, and 
plasma treatment is continuously carried out. Or only predetermined time amount stops a processed 
material 4 in discharge space 34, and is made to perform plasma treatment to a processed material 4 by 
stopping the rotation drive of the roller 17 for conveyance, and interrupting conveyance of a processed 
material 4. Thus, after performing plasma treatment to a processed material 4, a processed material 4 is 
conveyed toward the conveyance opening 6 side by carrying out the rotation drive of the roller 17 for 
conveyance counterclockwise. If a processed material 4 approaches the conveyance opening 6, 
conveyance **** 20 will be made to upper-******, the conveyance opening 6 of a chamber 1 will be 
opened wide, and the processed material 4 by which plasma treatment was carried out will be derived 
from a chamber 1 by a rotation drive and conveyor 18 of the roller 17 for conveyance. Then, conveyance 
**** 20 is made to drive the bottom, the conveyance opening 6 is blockaded, and the inside of a 
chamber 1 is sealed. Thus, plasma treatment can be performed to a processed material 4. In addition, 
that the processed material 4 approached conveyance **** 20 detected by the mirror reflective mold 
sensor (CX-28 1R by SUNX, Ltd.). 

[0070] And although whenever [ contact angle / of water ] was 45 degrees in the unsettled processed 
material 4 before performing plasma treatment, in the processed material 4 after performing plasma 
treatment, whenever [ contact angle / of water ] became 7 degrees. Moreover, there was almost no 
variation in whenever [ contact angle / of the water in the front face of the processed material which 
performed plasma treatment ], and it was within the limits of with an average [ of 7 degrees ] **3 
degrees. Moreover, the discharge itself was stable and spark discharge, abnormality discharge, breakage 
of a protective layer 32, etc. did not occur. Moreover, even if it carried out continuous running about 
about six months, breakage of a protective layer 32 was not seen. Morebver, foreign matters, such as 
rust, were not able to mix with a refrigerant and rust generating of the passage 33 of electrodes 2 and 3 
was also able to be controlled by acid cleaning. 

[0071] (Example 4) The plasma treatment equipment which conveys a processed material 4 by in-line 
method like drawing 12 (b) using the electrodes 2 and 3 shown in drawing 12 (a), and performs plasma 
treatment was formed. As a chamber 1, the thing made from SUS304 of die-length [ of 800mm ] x 
width-of-face [ of 860mm ] x height size of 1 1 6mm was used. As for the joint of a chamber 1 , 
airtightness is maintained by packing, such as an O ring. Moreover, while the slit-like carrying-in 
opening 36 penetrates and is prepared in one side attachment wall 50 among the side attachment walls 
50 and 51 with which a chamber 1 counters, the carrying-in opening 36 and the taking-out opening 37 of 
the shape of a slit which counters are penetrated and formed in the side attachment wall 51 of another 
side. Moreover, while the carrying-in side relaxation room 52 is established in the outside of one side 
attachment wall 50, the taking-out side relaxation room 53 is established in the outside of the side 
attachment wall 51 of another side. The carrying-in side relaxation room 52 and the taking-out side 
relaxation room 53 are added in order to ease that the open air, such as air, flows into a chamber 1 
through the carrying-in opening 36 and the taking-out opening 37, while easing that the gas for plasma 
production flows out of a chamber 1 through the carrying-in opening 36 and the taking-out opening 37. 
[0072] Moreover, while the carrying-in opening 36 and the inlet port 55 of the shape of a slit which 
counters penetrate and are established in the outer wall 54 of the carrying-in side relaxation room 52, the 
taking-out opening 37 and the outlet 58 of the shape of a slit which counters are penetrated and 
established in the outer wall 56 of the taking-out side relaxation room 53. Furthermore, while the inlet- 
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port door 59 of the inline type by which a vertical drive is carried out with pneumatic pressure etc. is 
formed in the outside of the outer wall 54 of the carrying-in side relaxation room 52, the outlet door 60 
of the inline type by which a vertical drive is carried out with pneumatic pressure etc. is formed in the 
outside of the outer wall 56 of the taking-out side relaxation room 53. Moreover, the same roller 17 for 
conveyance as an example 3 is formed in the inside of a chamber 1 and the carrying-in side relaxation 
room 52, and the taking-out side relaxation room 53. 

[0073] Electrodes 2 and 3 are formed in tubed in a square shape cross section, and used the square-pipe- 
steel-like electrode of SUS304 with a width-of-face [ of 32mm ] x height [ of 1 6mm ] x die length [ of 
91 1mm ], and a thickness of 1 .5mm. The corner of electrodes 2 and 3 is formed in the Rth page whose 
radius of curvatures are 1.5mm. Electrodes 2 and 3 are what bent and processed one electrode member 
10, fabricated to tubed, and joined the edges in high-frequency welding (what is shown in drawing 5 ). 
When the joint 1 1 of these electrodes 2 and 3 was cut, as shown in drawing 18 , the opening did not 
exist. Moreover, after performing the same blasting processing as an example 3 in the front face of 
electrodes 2 and 3, the protective layer 32 of the same porcelain enamel as an example 3 was continued 
and formed in the whole surface. Moreover, after forming a protective layer 32, the tailing side 16 as 
removed the foreign matter formed in the front face by the side of the passage 33 of electrodes 2 and 3 
and shown in drawing 9 was formed by enclosing acid cleaning liquid (Jusco pickle 21 made from 
Japanese Surface chemistry) with the passage 33 inside electrodes 2 and 3, and leaving it for 180 
minutes. Furthermore, after forming the tailing side 16, by enclosing chromate treatment liquid with the 
passage 33 inside electrodes 2 and 3, and leaving it for 120 minutes, chromate treatment was performed 
and the anticorrosion layer 12 as shown in the front face by the side of the passage 33 of electrodes 2 
and 3 at drawing 9 was formed. 

[0074] And the electrodes 2 and 3 which make a pair were formed in the chamber 1 by putting in order 
and arranging the electrode [ two or more (three pieces) ] 2 and the electrode [ two or more (three 
pieces) ] 3 in a chamber 1 so that the electrode 2 of a piece and the electrode 3 of a piece might counter 
up and down mutually. At this time, gap distance L between the electrodes 2 and 3 used as a pair (it 
counters up and down) was set to 3mm, and set distance (pitch) between the adjoining electrode 2 and 2 
(electrodes 3 and 3) to 40mm. In addition, electrodes 2 and 3 were fixed with the electrode holder 
prepared in the side face inside a chamber 1 so that it might see from the vertical inside of a chamber 1 
and abbreviation fluctuating might become symmetrical. 

[0075] As a processed material 4, the same glass substrate for LCD as an example 3 was used. As gas 
for plasma production, helium was supplied to the chamber 1 at a rate of 81. / min. Moreover, the 
temperature control of the refrigerant was carried out to 20 degrees C with the chiller (HYW1047 made 
from CKD), using ion exchange water as a refrigerant which cools electrodes 2 and 3. 
[0076] Impression power to the discharge space 34 between the electrodes 2 and 3 which use an 
electrode 2 as a high voltage electrode, use an electrode 3 as an earth electrode, and make a pair under 
atmospheric pressure and by 1600W While impressing 100kHz alternating current electric field (high 
frequency electric field), generating dielectric barrier discharge and generating the plasma to discharge 
space 34 Plasma treatment (surface reforming processing and cleaning treatment) was performed under 
atmospheric pressure with the plasma which conveys a processed material 4 by the bearer rate of 200 
mm/sec, and is generated in discharge space 34. In addition, as a power source 43, SPG 100-1000 by 
Shinko Electric Co., Ltd. was used. 

[0077] The processed material 4 was conveyed as follows and plasma treatment was carried out. First, as 
shown in drawing 13 , a processed material 4 is put on the carrying-in conveyors 65, such as a band 
conveyor formed in the before [ the inlet-port door 59 of a chamber 1 ] side, and it conveys even just 
before the inlet-port door 59. Next, if a processed material 4 approaches just before the inlet-port door 
59, the inlet-port door 59 will be made to upper-drive, an inlet port 55 will be opened wide, and a 
processed material 4 is carried in in a chamber 1 through the carrying-in side relaxation room 52 and the 
carrying-in opening 36 from an inlet port 55. If a processed material 4 is completely carried in in a 
chamber 1, the inlet-port door 59 will be made to drive the bottom, an inlet port 55 will be blockaded, 
and the inside of a chamber 1 will be sealed. Moreover, the processed material 4 introduced in the 
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chamber 1 is carried on the roller 17 for conveyance, and is introduced into discharge space 34 by the 
rotation drive of the roller 1 7 for conveyance. 

[0078] And plasma treatment of the processed material 4 introduced in the chamber 1 is carried out 
continuously, being conveyed toward the taking-out opening 37 with the roller 17 for conveyance. Or 
only predetermined time amount stops a processed material 4 in discharge space 34, and is made to 
perform plasma treatment to a processed material 4 by stopping the rotation drive of the roller 17 for 
conveyance, and interrupting conveyance of a processed material 4. Thus, after performing plasma 
treatment to a processed material 4, a processed material 4 is conveyed toward the taking-out opening 37 
side by carrying out the rotation drive of the roller 17 for conveyance. If a processed material 4 is taken 
out from a chamber 1 through the taking-out opening 37 at the taking-out side relaxation room 53 and 
approaches an outlet 58, the outlet door 60 will be made to upper-******, an outlet 58 will be opened 
wide/and the processed material 4 by which plasma treatment was carried out will be derived from a 
chamber 1 by a rotation drive and the taking-out conveyor 66 of the roller 17 for conveyance. Then, the 
outlet door 60 is made to drive the bottom, an outlet 58 is blockaded, and the inside of a chamber 1 is 
sealed. Thus, plasma treatment can be performed to a processed material 4. In addition, that the 
processed material 4 approached conveyance **** 20 detected by the mirror reflective mold sensor 
(CX-281Rby SUNX,Ltd.). 

[0079] And although whenever [ contact angle / of water ] was 45 degrees in the unsettled processed 
material 4 before performing plasma treatment, in the processed material 4 after performing plasma 
treatment, whenever [ contact angle / of water ] became 5 degrees. Moreover, there was almost no 
variation in whenever [ contact angle / of the water in the front face of the processed material which 
performed plasma treatment ], and it was within the limits of with an average [ of 5 degrees ] **4 
degrees. Moreover, the discharge itself was stable and spark discharge, abnormality discharge, breakage 
of a protective layer 32, etc. did not occur. Moreover, even if it carried out continuous running about 
about six months, breakage (a fishscale phenomenon, exfoliation, etc.) of a protective layer 32 was not 
seen. Moreover, foreign matters, such as rust, were not able to mix with a refrigerant and rust generating 
of the passage 33 of electrodes 2 and 3 was also able to be controlled by acid cleaning and chromate 
treatment. 

[0080] (Example 3 of a comparison) The configuration of those other than an electrode 2 and 3 formed 
plasma treatment equipment like the example 4, and performed plasma treatment to the processed 
material 4 like the example 4. Electrodes 2 and 3 are formed in tubed in a square shape cross section; 
and used the square-pipe-steel-like electrode of SUS304 with a width-of-face [ of 32mm } x height [ of 
16mm ] x die length [ of 91 1mm ], and a thickness of 1 .5mm. The corner of an electrode 2 is formed in 
the Rth page whose radius of curvatures are 1.5mm. Electrodes 2 and 3 are what doubled the electrode 
member 10 of the shape of two cross-section abbreviation KO character, made it tubed, and joined the 
edges by the usual welding (the configuration of electrodes 2 and 3 is the same as what is shown in 
drawing 6 ). Moreover, after performing the same blasting processing as an example 3 for parts other 
than 20mm of the edge in the front face of electrodes 2 and 3, the protective layer 32 of the same 
porcelain enamel as an example 3 was continued and formed in the whole surface. Moreover, neither 
acid cleaning nor chromate treatment was performed to the passage 33 inside electrodes 2 and 3. 
[0081] When continuous running of it was carried out to the example 3 about about three weeks 
although the engine performance of the plasma treatment in the early stages of operation was practically 
equal when plasma treatment was performed using this plasma equipment, and plasma treatment was 
performed, the protective layer 32 was damaged by the cause appropriate for the fishscale phenomenon 
generated in the joint 1 1 (welding-seam part) of electrodes 2 and 3. When cross-section cutting 
inspection was carried out and electrodes 2 and 3 were observed in this damaged part, the opening 
existed in the joint 1 1 as shown in drawing 15 and drawing 16 . Moreover, the exfoliation of a protective 
layer 32 shown in drawing 17 at the edge of the electrodes 2 and 3 which omit blasting processing was 
looked at by the part. Furthermore, rust was mixed in the refrigerant a little, and when cross-section 
cutting inspection was carried out and electrodes 2 and 3 were observed, rust was generated on the front 
face by the side of the passage 33 of electrodes 2 and 3. 
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[0082] (Example 5) As shown in drawing 14 , the insulating layer 70 was formed in the whole inside of 
a chamber 1 in the plasma treatment equipment of an example 4. This insulating layer 70 was a 
porcelain enamel coat, and after calcinating it for 10 minutes at about 850 degrees C once, carrying out 
thermal melting arrival of the glassiness, after it carried out spray credit of the same lower ******asthe 
vitreous material of an example 3 once, and carrying out spray credit of the same enamel as the above 
and a vitreous material once after this, it was formed by calcinating for 10 minutes at about 850 degrees 
C once, arid carrying out thermal melting arrival of the glassiness. The withstand voltage of this 
insulating layer 70 was about 0.1mm in thickness in about 2kV. 

[0083] Moreover, while setting spacing of the electrodes 2 and 3 used as a pair (it counters) to 10mm, 
the lower electrode 3 was grounded from the inside of the chamber 1 bottom to 10mm upper part. Other 
configurations performed plasma treatment like the example 4. 

[0084] With this plasma treatment equipment, between electrodes 2 and 3 and a chamber 1, abnormality 
discharge did not occur but stable and uniform dielectric barrier discharge was able to be secured in 
discharge space 34. 

[0085] (Example 4 of a comparison) Plasma treatment equipment was formed like the example 5 except 
having not formed an insulating layer 70 in the inside of a chamber 1 . 

[0086] Since an electrode 3 was in 10mm and a near distance from the bottom inside of a chamber 1 
when the same plasma treatment as an example 5 is performed using this equipment, the phenomenon 
appropriate for [ in part ] abnormality discharge between an electrode 3 and the bottom inside of a 
chamber 1 occurred. 
[0087] 

[Effect of the Invention] Invention of claim 1 of this invention prepares in a chamber the electrode 
which makes a pair as mentioned above. Dielectric barrier discharge is generated under the pressure near 
the atmospheric pressure between electrodes by impressing the electric field of the shape of an 
alternating current or a pulse between the electrodes which make a pair while introducing the gas for 
plasma production in a chamber. In the plasma treatment equipment which carries out. plasma treatment 
of the processed material introduced between electrodes with this plasma while generating the plasma 
from the gas for plasma production by this dielectric barrier discharge Since the protective layer formed 
in one [ which makes a pair / at least ] front face of an electrode of thermal melting arrival by glassiness. 
is prepared An electrode can be protected from a sputtering operation of the plasma, or the corrosive 
action of the gas for plasma production. Degradation of an electrode can be lessened, and even if it can 
prevent an impurity from being generated from an electrode and is prolonged use, it can avoid polluting 
a processed material from an impurity. And compared with the protective layer formed of thermal 
spraying of SERAMMIKU, very few protective layers can be formed for a pinhole. Moreover, when 
forming a protective layer by arranging a glass plate, it compares. It is thin and the adhesion over an 
electrode can form a high protective layer. Further It compares with the protective layer formed by 
textile-glass-yam lining of sol gel process coating etc. The high protective layer of adhesion or 
insulation-proof to an electrode can be formed, and early degradation of electric-field concentration, 
spark discharge, destruction of a protective layer and exfoliation, thermal breakage of a processed 
material, and an electrode and generating of uneven discharge can be prevented. 
[0088] Since invention of claim 2 of this invention is seamless and forms in tubed the electrode which 
prepares a protective layer, as an opening cannot be formed in the interior of an electrode, it can prevent 
breakage of the protective layer by the fishscale phenomenon, it can raise the endurance of a protective 
layer, and, moreover, can produce the electrode of the configuration of arbitration easily by mass 
production method. 

[0089] Moreover, since invention of claim 3 of this invention forms in tubed the electrode which 
prepares a protective layer by sticking the edge of an electrode member without an opening and joining, 
as an opening cannot be formed in the interior of a part for a joint, i.e., the electrode, of an electrode 
member, it can prevent breakage of the protective layer by the fishscale phenomenon, and can raise the 
endurance of a protective layer. 

[0090] Moreover, since invention of claim 4 of this invention joins the edge of an electrode member by 
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high-frequency welding, an electrode member can be easily stuck without an opening, it can join, and it 
can produce easily the electrode which does not have an opening in a part for the joint of an electrode 
member. 

[0091] Moreover, since invention of claim 5 of this invention forms the protective layer of glassiness in 
the front face of an electrode by thermal melting arrival after carrying out the surface roughening 
process of the front face of an electrode, it can raise the adhesion of an electrode and a protective layer 
and can prevent exfoliation of the protective layer from an electrode. 

[0092] Moreover, about a vitreous material, since soak almost, it carries out, thermal melting arrival of 
die vitreous material is carried out at 400-1000 degrees C and a protective layer is formed, invention of 
claim 6 of this invention is spray credit or the thing which adhesion with an electrode can be highly 
ultra-thin, can form a protective layer with few pinholes, and can prevent generating of electric-field 
concentration, spark discharge, destruction of a protective layer and exfoliation, thermal breakage of a 
processed material, and uneven discharge. 

[0093] Moreover, invention of claim 7 of this invention is the spray credit or the thing which adhesion 
with an electrode can form very few protective layers of a pinhole highly, and can prevent certainly 
generating of electric-field concentration, spark discharge, destruction of a protective layer and 
exfoliation, thermal breakage of a processed material, and uneven discharge since it soaks and a 
multiple-times line forms a protective layer for credit and the thermal melting arrival of a vitreous 
material by turns of a vitreous material. 

[0094] Moreover, since the gas for plasma production is the mixture of gas of inert gas or inert gas, and 
reactant gas, invention of claim 8 of this invention can generate the stable dielectric barrier discharge, is 
stabilized and can generate the homogeneous plasma. 

[0095] Moreover, since invention of claim 9 of this invention cools with a refrigerant at least one side of 
an electrode which makes a pair, as the temperature rise of an electrode can be suppressed more and the 
temperature (gas temperature) of the plasma does not become high, it can lessen thermal damage on a 
processed material. Moreover, local heating of the discharge space formed between electrodes can be 
prevented, more homogeneous dielectric barrier discharge can be generated, generation of streamer 
discharge can be suppressed, and damage by streamer discharge of a processed material can be lessened 
more. Furthermore, thermal degradation of an electrode can be lessened. 

[0096] Moreover, as for invention of claim 10 of this invention, since a refrigerant is ion exchange 
water, an impurity is not contained in a refrigerant and an electrode becomes is hard to be corroded by 
the refrigerant. 

[0097] Moreover, since invention of claim 1 1 of this invention forms the inside of the electrode formed 
in tubed as passage of a refrigerant, it can make cooling effectiveness of the electrode by the refrigerant 
high, and can suppress the temperature rise of an electrode and the plasma efficiently. 
[0098] Moreover, since invention of claim 12 of this invention removes the foreign matter generated on 
the front face by the side of the passage of an electrode in the case of formation of a protective layer, it 
can prevent promotion of the corrosion of the electrode by the foreign matter, can raise the endurance of 
an electrode, and can secure the dielectric barrier discharge stabilized. 

[0099] Moreover, since invention of claim 13 of this invention forms an anticorrosion layer in the front 
face by the side of the passage of an electrode, it can prevent generating of the corrosion of the electrode 
by circulation of a refrigerant, or can be delayed, can raise the endurance of an electrode, and can secure 
the dielectric barrier discharge stabilized. 

[0100] Moreover, without freezing a refrigerant, since a refrigerant has nonfreezing and insulation, 
invention of claim 14 of this invention can prevent the short circuit from an electrode, and can obtain the 
dielectric barrier discharge stabilized while being able to cool the electrode certainly. 
[0101] Moreover, since a protective layer is the thickness of 0.1 -2mm, it is hard coming to generate a 
crack and exfoliation in a protective layer, and invention of claim 15 of this invention can fully protect 
an electrode, can be stabilized in uniform dielectric barrier discharge, and can make it generate. 
[0102] Moreover, since a protective layer is the withstand voltage of l-30kV, invention of claim 16 of 
this invention can prevent breakage of the protective layer by impression of inter-electrode alternating 
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current electric field, can be stabilized and can generate uniform dielectric barrier discharge. 
[0103] Moreover, since the frequency of the alternating current electric field impressed between the 
electrodes which make a pair is 1kHz - 200MHz, invention of claim 17 of this invention can suppress 
the temperature rise of the plasma while being able to stabilize dielectric barrier discharge, and can 
perform efficiently plasma treatment homogeneous and stabilized as the life of an electrode did not 
become short. 

[0104] Moreover, since the gap between the electrodes which make a pair is l-20mm, it can be 
stabilized certainly, and invention of claim 18 of this invention can generate dielectric barrier discharge, 
and can generate the plasma efficiently. 

[0105] Moreover, since invention of claim 19 of this invention forms an insulating layer in the inside of 
a metal chamber, it can prevent the power loss to an input, and can raise the discharge effectiveness 
between electrodes while being able to prevent discharge from happening between an electrode and the 
inside of a chamber, and the more stable and uniform dielectric barrier discharge of it is attained. 
[0106] Since invention of claim 20 of this invention performs plasma treatment with plasma treatment 
equipment according to claim 1 to 9, generating of electric-field concentration, spark discharge, 
destruction of a protective layer and exfoliation, thermal breakage of a processed material, and uneven 
discharge can be prevented, it is stabilized, the homogeneous plasma can be generated, and plasma 
treatment can be performed efficiently. 



[Translation done.] 
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